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METHOD OF FORMING CARBON NANOTUBES 
AND APPARATUS THEREFOR 

FIELD OF THE INVENTION 
[0001] This invention relates to a method for forming 

carbon nanotubes and an apparatus for performing the 
inventive method. 

BACKGROUND OF THE INVENTION 
[0002] Carbon nanotubes are tubules of carbon 
generally having a length of from 5 to 100 micrometers 
and a diameter of from 5 to 100 nanometers. Carbon 
nanotubes are formed from a plurality of co-axial 
cylinders of graphite sheets and have recently received a 
great deal of attention for use in different utilities 
such as fuel cells, fuel emission devices, catalysts, 
filtration and purification, sensors and microelectro- 
mechanical manufacturing systems (MEMS) technology. 
Carbon nanotubes have many desirable properties such as a 
high strength and low weight compared with volume, energy 
and fuel storage capability, electron emission capability 
and many advantageous thermal, chemical and surface 
properties . 

[0003] A particularly interesting property of carbon 
nanotubes is that their widths are just large enough to 
accept hydrogen molecules but too small for larger 
molecules. As a result, carbon nanotubes have drawn a 
great deal of attention as storage vehicles for hydrogen 
and, consequently, for use in fuel cell applications. 
Although carbon nanotubes have many advantageous 
properties, successful commercial application of them 
have not yet been reported due to the difficulty in 
synthesis capacity, manipulation and structural 
controllability of the carbon nanotubes. Therefore, 
there is a need for a method and apparatus which enables 
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the synthesis of uniform carbon nanotubes in a cost 
effective and easily controllable method. 

SUMMARY OF THE INVENTION 
[0004] The present invention provides a method and 

apparatus for forming densely packed carbon nanotubes by 
a batch process. The carbon nanotubes can be formed in a 
high-density, close-packed configuration to enable large- 
scale production. 

[0005] The present invention meets the needs outlined 
above by providing a method and apparatus for forming 
densified carbon nanotubes in which a chemical vapor 
deposition chamber having a coiled filament disposed 
therein is provided, a substrate having a catalytic 
coating provided thereon is supported inside the coiled 
filament, air is evacuated, if present, from the chamber, 
the filament is heated and a bias voltage applied between 
it and the substrate, a reactant gas is introduced into 
the chamber and the reactant gas is pyrolyzed to deposit 
carbon nanotubes on the substrate. When a cylindrical 
substrate is utilized, the carbon nanotubes can be 
aligned perpendicular to the longitudinal axis of the 
substrate and the radial growth of the carbon nanotubes 
allows for the formation of a densely packed 
configuration of the carbon nanotubes. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0006] Figure 1 is a schematic representation of an 
apparatus of the present invention used for forming 
carbon nanotubes on a single substrate. 

[0007] Figure 2 is a schematic representation of an 

apparatus of the present invention used for forming 
carbon nanotubes on multiple substrates. 
[0008] Figure 3 is an illustration of a cylindrical 
substrate having carbon nanotubes originally deposited 
thereon according to the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0009] As illustrated in Figure 1, the apparatus of 
the present invention comprises a conventional chemical 
vapor deposition chamber 1, which is formed from an inert 
material, such as quartz, and provided with a gas inlet 2 
and a gas outlet 3. The chemical vapor deposition 
chamber 1 has a coiled filament 4 provided therein. The 
coiled filament can be formed from a suitable metal, such 
as tungsten, molybdenum, and alloys thereof, and carbon. 
The coiled filament 4 can be heated by a means for 
heating the filament (not shown) and is also in 
electrical communication with a bias voltage source 5. 
[0010] A substrate holder 6 also is provided in the 
chemical vapor deposition chamber 1 and is located in the 
chamber 1 in such a manner that a substrate 7 held by the 
holder 6 is disposed within the coils of the coiled 
filament 4. The substrate holder 6 also is electrically 
connected to the bias voltage source 5 so that a bias 
voltage exists between the coiled filament and the 
substrate holder. In the embodiments shown in Figures 1 
and 2, the substrate 7 has the form of a cylindrical rod 
and is held at its ends by the substrate holder 6. 
[0011] The substrate material is not critical and can 
be a metal, ceramic or carbon as long as it is stable at 
the high temperatures it is exposed to. Electrically 
conductive materials or materials having an electrically 
conductive layer provided thereon are particularly 
preferred due to the bias voltage applied thereto. 
Additionally, the configuration of the substrate 7 is 
also not critical and the substrate can be provided in 
the form of a rod, fiber or any other desirable shape. A 
catalytic metal coating 8 is provided on the substrate 7 
to aid in the growth of the carbon nanotubes 9. The 
loading of the catalytic coating on the substrate is 
preferably in an amount of 5-100 ug/cm 2 , more preferably 
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10-30 ug/cm 2 . The catalytic coating can contain iron, 
cobalt, chromium, nickel, paladium, titanium and alloys 
thereof as the active ingredient and can be deposited on 
the substrate by any suitable deposition method such as 
electrochemical deposition, chemical deposition, electro- 
oxidation, electroplating, sputtering, thermal diffusion 
and evaporation, physical vapor deposition, sol-gel 
deposition and chemical vapor deposition. 
[0012] In actual operation, the present invention 
functions as follows. Referring to Figures 1 and 2, a 
chemical vapor deposition chamber 1 is provided having a 
gas inlet 2 and a gas outlet 3. A coiled filament 4 and 
substrate holder 6 are contained in the chemical vapor 
deposition chamber 1. A bias voltage source 5 is 
connected to both the coiled filament and the substrate 
holder in order that a bias voltage can be established 
therebetween. Preferably, a bias voltage range of from 
50-200 V/cm is utilized. A substrate 7 having a 
catalytic metal coating 8 provided thereon is held by the 
substrate holder 6 in such a fashion that the substrate 7 
is contained within the coils of the coiled filament 4. 
[0013] Air is evacuated from the chamber 1 by either 
forming a vacuum in the chamber or displacement of air by 
an inert gas and then the chamber is heated to a 
temperature of between 600-900°C by heating the coiled 
filament 4 by any suitable means, such as passing an 
electrical current therethrough. Ammonia gas is then 
introduced into the chamber 1 through the gas inlet 2 and 
circulated therein for about 5-30 minutes in order to 
activate the catalytic coating 8. The ammonia gas is 
then withdrawn through the gas outlet 3 and a reactant 
gas, such as acetylene, ethylene and mixtures thereof, 
introduced into the chamber 1 through the inlet 2. The 
reactant gas can be mixed with other gases such as 
hydrogen and argon. Acetylene is particularly preferred 
as the reactant gas and is pyrolyzed in the chamber to 
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deposit carbon nanotubes 9 on the catalytic coating 8 on 
the substrate 7. The flow rate of the reactant gas is 
from 2-50 seem, depending on the vacuum systems and the 
pressure in the chamber during the deposition process is 
preferably from 1-100 Torr, with a pressure of from 1-20 
Torr being more preferred. 

[0014] If the substrate 7 is in the form of a cylinder 
or fiber and a bias voltage is applied between the 
substrate holder 6 and the coiled filament 4, the carbon 
nanotubes 9 grow radially on the catalytic coating 8 of 
the substrate 7 as shown in Figure 3. As illustrated in 
Figure 3, the carbon nanotubes produced by the present 
invention are densely packed and can be easily separated 
from the substrate without damage thereto. 
[0015] Although specific embodiments of the present 
invention have been disclosed for illustration purposes 
only, it is understood that various changes, 
substitutions and alterations can be made thereto without 
departing from the spirit and scope of the invention as 
is described by the following claims. 
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